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Abstract 
During the last decades, the sector of construction has known a growing trend in construction and demolition (C&D) activities. 
The management of the collected debris and waste causes real problems at the environmental level, which can be seen in the 
decrease space in urban area and the agriculture land occupied by the waste of demolition. At the moment,  researchers in civil 
engineering domain are called to propose new solutions to find substitutions of the natural aggregate such as, the recycled 
aggregates (RA) as an alternative for  natural crushed aggregates (CA). This study here in focuses on the use the recycled 
aggregates coming from old concrete tested specimens from construction sites. The aim of this research is the formulation of a 
recycled aggregate concrete (RAC) within similar performances (resistance and durability) to conventional concrete (CAC). 
The  superplastizier as admixture at dosages 0 %, 0.5 %, 1 %, 1.5 % and 2 % was combined with a recycled aggregate at  100% 
replacement. The physico-mechanical properties at fresh and hard state were investigated, mainly the density, absorption, air 
content, elastic modulus and strengths. In addition the NDT test methods (ultrasonic and rebound hammer) were used to assess 
the compressive strength of the due concrete. The correlation study of strength (Rc ) and  the properties; such as elastic dynamic 
modulus (Ed), ultrasonic velocity (V), rebound hammer number (Is), absorption (A) and the density (γ) to predict the 
compressive strength  in this particular case was considered.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
The concrete is the material of construction the most used in the civil engineering and highway public sector; 
regarding  its advantageous characteristics, such as a good compressive strength in first order. This allowed to build 
giant and higher concrete structures responding to the requirements of safety measures, durability and economy. 
The use of this material involves a big consumption of its constituents in particular the aggregates which represent 
approximately 70 % of the total volume of the mixture and participate partly in the mechanical resistance of the 
final product as reported by Neville [1]. The intense use of such building materials causes the exhausting of the 
natural resources of these substances in particular the aggregates issued from quarry sites. During the last decades, 
the sector of construction has known a growing trend in construction and demolition (C&D) activities. Further, 
earthquakes and ageing of the structures hazards. Topcu and Sengel [2]; Gilpin et al  [3]; Chandra [4]; Khalaf and 
DeVenny [5], indicated that these mentioned  factors cause as a direct consequence, thousands of tons of  (C&D) 
waste  being generated  (the glass, the wood, the steel, the brick and the concrete debris). The management of the 
collected debris and waste causes real problems at the environmental level, which can be seen in the decrease of the 
spaces of town planning or agriculture farming land occupied by the waste of demolition. The random deposits of 
the (C&D) waste lead to a negative impact on the environment on one side, besides an expensive economic 
operation regarding its management on the other. At the moment, the researchers in civil engineering domain are 
called to propose new solutions to find substitutions of the natural aggregate such as, the (C&D   recycled 
aggregates (RA) as the alternative for  natural crushed aggregates (CA). Topcu and Guncan [6], Rao [7] and   
Hansen [8], reported that the partial or the total substitution of these aggregates instead of natural one could be a 
suitable economic solution for the formulation of a concrete meeting the requirements of quality and durability. 
Thus, at present the subject is of great interest for the specialists of construction.  
 
This study focuses on the use of the recycled aggregates coming from old concrete tested specimens from 
construction sites. The aim of the research  is the formulation of a recycled aggregate concrete (RAC) within 
similar  performance (resistance and durability) to conventional concrete (CAC). Thus, the superplastizier as 
admixture at dosages 0 %, 0.5 %, 1 %, 1.5 % and 2 % was combined with a recycled aggregate at 100 % 
replacement. The physico-mechanical properties at fresh and hard state were investigated, mainly the density, 
absorption, air content, elastic modulus and strengths.  In addition the NDT test methods  (ultrasonic and rebound 
hammer) were used to assess the compressive strength of the due concrete as reported by Bungey and Millard [9]. 
The correlation study of the mechanical and physical properties (Rc, Ed, V, Is, (A) and γ), in order to predict the 
compressive strength (RC) in this particular case was considered as the NDT measurements are implemented as an 
effective  tool for the inspection of concrete quality on site. 
 
2. Experimental study   
2.1. Materials 
The studied concrete is based on recycled aggregates and a cement type CPJ CEM II / B 42.5 MPa delivered 
from Lafarge cement plant of Hammam Dalaa (wilaya of M'Sila, 250 km east of Algiers). Aggregates were crushed 
at a maximal size of 16 mm using hand hammer in the laboratory of the department of civil engineering. The 
source of these recycled aggregates is a local concrete tested specimens (concrete grade, 25-30 MPa). The siliceous 
sand of dune (0/5) was used for this experimental program. It constitutes the fine granular fraction; with a fineness 
modulus Mf  of 1,94 and the equivalent  sand modulus ESV equals to 65%.  The table 1, presents the physical and 
mechanical properties of the aggregates used in this experimental study. 
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 Table 1. Physical and mechanical properties of aggregates. 
Fraction 
 
Bulk 
density 
γ 
(Kg/m3) 
Specific 
density 
ρ 
(Kg/m3) 
Los 
Angeles 
LA 
(%) 
Absorption 
A 
(%) 
0/5 1558 2514 -- 17.65 
3/8 CA* 1338 2593 21 02.25 
8/15 CA* 1419 2564 2.74 01.42 
3/8 RA** 1148 2369 -- 09.65 
8/15 RA** 1239 2486 29.90 06.50 
* CA, crushed aggregate. 
** RA, recycled aggregate. 
 
2.2. Mixtures and testing 
  
The formulations of studied concretes were established by the method of the absolute volumes (Neville A., 
2004). The fixed workability of 50 mm was maintained for all mixtures of this study program. The set of three 
cylindrical specimens (100x200) mm3 were cast for each test, demoulded and water cured till the date of testing at 
the age of 28 days. The spending in materials is presented in the table 2. 
 
 Table 2. Composition of concrete mixtures (Kg/ m3). 
Mixes CAC RAC  RAC0.5 RAC1 RAC1.5 RAC2 
CA* 3/8 482 / 338 241 145 / 
 RA**  3/8 / 482 482 482 482 482 
  CA* 8/15 723 / / / / / 
   RA** 8/15 / 723 723 723 723 723 
Cement 405 405 
Sand 447 447 
Water (l) 233 278 254 247 238 216 
W/C (eff) 0.57 0.69 0.63 0.61 0.59 0.53 
 
Slump and air content tests were planned to determine the characteristics of fresh concrete according to 
European standards EN 12350-2 and EN 12350-7, respectively. After calibrating the equipment, testing on 
hardened concrete (the ultrasonic test, rebound hammer and compression test) were performed on specimens at the 
age of 28 days in respect of the European standard EN 12504-2, EN 12504-4 and EN 12390-4, recommendations, 
respectively. The absorption was taken into account in accordance with the European standard EN 1097. 
 
3. Results and discussion 
 
In the following, we proceed to the analysis, the interpretation and the presentation of the obtained results in this 
study concerning the effect of the superplastizer Medafluid SF 150 as admixtures at different dosages (0, 0.5, 1, 1.5 
and 2 %) on the properties such as the density, air content; W/C, the absorption, the elastic modulus and the 
compressive-tensile strengths. 
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3.1.  Fresh state  
 
 The table 3. Presents the different properties of  RAC and CAC mixtures properties at fresh and hardened state. 
 
Table 3. Properties for the different types RAC (fresh state). 
Mixtures   Fresh k density 
ǫ ǫࢇ࢖࢖ (Kg/m3) 
W/C 
(eff) 
 Air content (%) 
RAC 2267 0.69 3.2 
RAC 0.5% 2271 0.63 2.5 
RAC 1% 2276 0.61 2.75 
RAC 1.5% 2282 0.59 2.75 
RAC 2% 2297 0.53 2.3 
CAC 2399 0.57 1.95 
3.1.1. Bulk density (fresh)  
 
Fig. 1. The variation of density for the different RAC types. 
 
From fig. 1., It can be observed that a reduction of about 2 % is registered for higher dosages of 2 % for RAC2 
mix compared to the RAC without admixture where the effect of the superplastizier on the density could be 
appreciated for RAC mixtures at fresh state. The density of recycled concrete mixes with different percentages of 
admixture is slightly lower compared to that of CAC. 
 
3.1.2. Air content  
 
The use of the admixture in the recycled concrete mixtures leads to a decrease of air content, this reduction is 
presented in the fig. 2., which shows the variation of of the porosity according to the various percentagesvof 
admixtures. It can be observed that the value obtained for the porosity is higher for the RAC without admixture  in 
comparison with the other types of concretes, the maximal value recorded is obtained with  this type RAC  of 
concrete  (3.20 %).  
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Fig. 2. The variation of air content as a  function of the admixture percentages. 
 
The decrease of the porosity of RAC2 at the higher dosage of 2 % is around 29 % compared with RAC.  
This is could be explained by the beneficial effect of the employment of the superplastizier  reducing  the quantity 
of water in the mixture, improving the workability and limiting the porosity of the concrete matrix incorporating 
the admixture Medafluid SF 150. 
 
3.1.3. W/C ratio 
 
 The use of the admixture in the recycled concrete lead to a reduction of water demand, the reduction is 
presented in fig.3. Which shows the variation of the ratio W/C according to the various percentages of  
superplastizer. It can be observed that the value obtained from the ratio W/C is higher for the recycled concrete 
without admixture RAC in comparison with all types of concretes incorporating admixtures at different dosages.   
 
 
 
Fig. 3. The variation of (W/C) ratio as a  function of the admixture percentages. 
 
The reduction of W/C ratio for RAC2 is remarkable about 24 % among all the RAC mixtures. The higher 
percentages of admixtures for RAC1.5 gave nearly the same water demand as for reference concrete CAC. 
However, RAC2 reduced water need is well appreciated even in comparison with CAC at the ratio of 0.53 and 
0.57, respectively. Hence, the employment of the admixture plays the role of high reducer of water resulted in an 
improved workability and limits the mixing water requirement. It is   marked with dosages superior to 1 % of 
superplastizier. This is in agreement with other previous studies undertaken by Belagraa and Beddar  [10] about the 
water reducer incorporation in the concrete matrix. 
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3.2. Hard state 
 
The table 4. presents all the physical and mechanical properties of concretes studied at 28 days of age in the 
hardened state. 
  Table 4. Physical and mechanical properties for the different types of concrete mixtures at 28 days (hard state). 
Mixtures Bulk density ǫ ǫ  (Kg/m3) 
Absorption 
A(%) 
Comp-Strength 
Rc  (MPa) 
Tensile 
strength Rt 
(MPa) 
Elastic 
modulus Ed 
(MPa) 
RAC 2250 9.20 26.172 2.850 23492 
RAC0.5% 2255 7.65 25.474 2.537 23859 
RAC 1% 2275 7.32 26.650 2.394 24713 
RAC1.5% 2285 7.27 27.550 2.542 24821 
RAC 2% 2295 7.22 34.983 3.090 26117 
CAC 2384 6.23 32.238 2.790 29134 
 
 
3.2.1. Water absorption [A]  
 
From fig. 4. It can be noticed a reduction of the rate of water absorption with the increase of the percentage of 
admixtures. The RAC2 at higher dosage of 2 % admixture gives a rate of a lower value for water absorption around 
7.22 % compared to the other types of concretes of recycled aggregates using superplastizier addition. It is a 
positive effect marked at 2 % dosage of admixture, where the rate of absorption has a minimum value of 6.23 
compared to the concrete without admixture (RAC) at values of 7.22 and 9.20 %, respectively. Thus,  the 
appreciated reduction of the rate of absorption using admixtures  reached 22%, reflects the advantageous role of 
this addition. Further, some researchers Rao [7], Belagraa and Beddar [10] worked   on the subject found that the 
rate of water absorption had been reduced with the incorporation of admixtures. 
 
 
 
Fig. 4. Water absorption for the different concrete types. 
3.2.2. Density  
A normal development of the density of tested concretes could  be observed with the increase of the admixture 
percentages (Fig. 5.). Further, the recycled concrete mix RAC without addition gave a lower density compared to 
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the other types of recycled concretes at different dosages of admixture. The maximal increase value was obtained 
with RAC2 (about 2 %). The advantageous role of the superplastizier used could be appreciated. However, the 
densities of all recycled RAC mixtures were lower than the conventional concrete CAC with natural aggregates. 
Thus, the ensity is more affected by the type of aggregate rather than the use of admixture. 
 
 
Fig. 5. The density for the different concrete types at the age of 28 days. 
 
In fact, the density of RAC is significantly lighter compared to normal concrete for the identical admixture 
incorporation as reported in other research works undertaken  by Belagraa and Beddar [10] and Khatib [11]. 
 
3.2.3. The compressive strength (Rc)  
 
 
Fig. 6. The compressive strength as a  function of  the admixture percentage at the age of 28 days. 
 
Generally, the values obtained from the compression test for the strength Rc were lower for a concrete at 
dosages ranging from 0 to 1.5 % compared  to the RAC2 which gave a higher value of the strength reaching about 
35 MPa among all  other RAC mixes  of tested recycled concretes with admixture. Also, this RAC2  type of 
recycled concrete  registered  a better compression resistance in comparison with normal concrete CAC at 28 days 
of age 34.98 MPa   and 32.24 MPa, respectively. The gain of 28 days strength for RAC2 at an admixture dosage of 
2 %  is about 8 % when compared to conventional concrete (CAC). 
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The compression resistance of the concrete RAC2 showed,an increase of the resistance of about 25 % compared 
to RAC mixes without admixture incorporation. Thus, the remarkable positive effect of superplastizier added is 
well noticed. This enhancing of the resistance ( Rc),  could be attributed to the reduced W/C and the improved 
workability and consequenty an increase of the strength of recycled concrete. The results obtained in the present 
study are in accordance with previous research works regarding to the strength of RAC incorporating a 
superplastizier. It is found that the recycled aggregate concretes using the admixture show the same performances 
compared to normal concrete for an optimal dosage of 1.5 % as reported by Belagraa and Beddar [10]. Also, It was 
reported by Rahal [12] that the trend in the development of compressive and tensile strength and strain at peak 
stress in recycled aggregate were similar compared to natural aggregate. 
 
3.2.4.  The tensile strength (fending test)  [Rt] 
 
Fig. 7. The  variation of tensile strength Rt  for the  different concrete types at the age of  28 days. 
 
The obtained results for the tensile strength from the fending test ( Rt)  are  lower for the RAC1 in comparison 
with the concrete RAC without admixture (Fig. 7.). Further, It is still inferior to the control concrete CAC. 
However, for the other concretes recycled types the registered maximal value is obtained with the recycled 
concrete at high dosage of 2% of admixture RAC2. When, the effect of this employment of addition could be  
remarkable on the development of the  resistance for flexural loading. The increase of the resistance is around 8 % 
for RAC2 compared the RAC concrete at 0% of admixture. 
 
3.2.5. Dynamic elastic modulus (Ed )  
 
According to the fig. 8. It can be  noticed that the module of elasticity of RAC is lower among all other types of 
recycled concretes incorporating admixtures; the registered maximal value is obtained with RAC2 at the higher 
dosage of 2 %. The effect of the use of this addition presented an increase of approximately 11% for the module of 
elasticity compared to RAC without admixture. This mixtures is characterized with higher porosity linked to the 
aggregate type. The decrease of elastic modulus of concrete RAC compared to the reference concrete CAC is also 
well noticed in agreement with researchers Rao  [7], Ajdukiewicz and Kliszczewicz [13]. 
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Fig. 8. The variation of the elastic modulus for the  different concrete types. 
 
4. Correlations for mechanical and physical properties  
 
4.1. Correlations of compressive strength (Rc) and ultrasonic velocity (V) 
 
 
Fig. 9.  Correlations of the compressive strength (Rc) and the ultrasonic velocity (V). 
The analysis of the fig. 9 gives a correlation of linear type between the compression resistance of concretes  
with various percentages of admixture and the ultrasonic velocity, a proportionality between the mechanical 
resistance Rc, the velocity V with the rise of  the percentage of admixture is noticed. 
 
Several researchers Hannachi and Guetteche [14], Kheder et al [15], express the compression resistance of 
concretes Rc for the normal natural aggregates concrete and  the ultrasonic velocity  by correlations of linear type. 
The correlation obtained for this study case is acceptable with a coefficient of correlation R ² = 0.6586 given by the 
equation below: 
 
Rc = 32.967(V) – 99.318; R² = 0.6586     (1) 
       
4.1.2. Correlations of the compressive strength (Rc) and  rebound hammer number (Is) 
 
The fig. 10 shows the correlation between the compressive strength ( Rc) and the rebound hammer number ( Is), 
a proportional relation between the mechanical resistance, and IS  with the increase of the  percentage of admixture. 
A wide scattering and dispersion of results was also noticed with a very low correlation R ² = 0.1796; the obtained 
correlation is of linear type. 
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Rc = 0.3591 (Is) + 16.103; R² = 0.1796     (2) 
 
 
Fig. 10.  Correlations of the compressive strength (Rc) and the  rebound hammer number (Is). 
 
 
The research works Hannachi and Guetteche [14], Boudina and Louradi [16] led on the correlation of  Rc and Is 
for aggregates crushed aggregate concretes  presented  a linear type relation. According to the European standard 
EN 13791, the expression of this relation is taking the form: 
 
Rc = -34.5 + 1.73(Is) when 24 ≤ Is ≤ 50                     (3) 
4.1.3. Correlation of Rc, V and Is  
 
Previous research works proposed a polynomial correlations having the form; Rc = a( V) + b ( Is) + c; as well as 
the correlation proposed in this experimental work in the form  found by Hannachi and Guetteche [14].  
 
Rc = 171 (V) – 0.05095 (Is) – 360; R² = 0.4671    (4) 
 
The dispersion of results obtained  is  very wide and the coefficient of correlation R² equals to 0.4671. 
 
Fig. 11.  Correlation of  Rc , V and Is. 
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4.1.4. Correlations of the compressive strength (Rc) and the density (γ)  
 
Fig. 12. Correlations of the compressive strength Rc and the density. 
A wide dispersal of the obtained results was observed between the compressive strength (Rc ) and the density (γ)  
of the concrete. It is justified by the low coefficient of correlation R ² = 0.4755. The correlation proposed from the 
experimental results fitted a linear form like: 
 
Rc = 142.92 (γ) -298.59; R² = 0.4755     (5) 
 
4.1.5. Correlations of the compressive strength (Rc) and the  water absorption (A) 
 
Fig. 13.  Correlations of the compressive strength (Rc) and the  water absorption (A). 
The fig. 13. shows the correlation of Rc and  rate of absorption (A). It can be noted that an inverse 
proportionally relation between these two parameters. The dispersal of results is wide with a coefficient of 
correlation R² that equals to 0.2163 reflecting a low correlation relationship. The correlation proposed from the 
experimental results is of linear type: 
 
Rc = -2.0321 (A) + 43.884; R² = 0.2163     (6)  
 
4.1.6. Correlations of the density (γ) and the ultrasonic velocity (V)  
A proportional relation between the density and the ultrasonic velocity V; a good correlation is noticed summer 
with a coefficient of correlation which is of the order of 0.7533. 
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According to previous research works for  Juan [17] and Munzer [18] on concretes based ont crushed aggregates, 
found a linear correlations allowing the estimation of the density according to the ultrasonic velocity like: 
 
 γ = a(V) + b; where; a = 0.155 and  b = 1.67. 
γ is the  density of concrete (t/m3). 
V is the ultrasonic velocity (Km/s). 
 
Moreover, research works on the aggregates proved that the type of aggregate can engender remarkable 
variations on the density and in this study case the effect of the percentage of addition is also noticed  as reported 
by  Topcu and Guncan [19]. The correlation proposed in this study is of linear shape: 
 
γ = 0.1701(V) + 1.6224 ; R² = 0.7533     (7) 
  
 
Fig. 14.  Correlation of the density (γ) and the ultrasonic velocity (V). 
4.1.7. Correlations of compressive strength (Rc) and the elastic modulus (Ed)  
 
A proportional relation of the dynamic elastic modulus and the mechanical resistance Rc is noticed; the 
correlation is of linear type, the dispersal of results is acceptable with a coefficient of correlation R² = 0.6641; the 
correlation proposed from the present study obtained  the form below: 
Rc = 1.7833 (Ed) – 29.429; R² = 0.6641     (8)  
   
 
Fig. 15. Correlations of the compressive strength (Rc) and the elastic modulus (Ed). 
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5. Conclusions  
According to the results obtained in this study on recycled concretes with admixture incorporation, the 
following conclusions could be drawn:  
  
x The 100%  recycled aggregate concrete  replacement requires more water demand of additional amount around 
16 % compared  to the reference concrete  based on crushed aggregate. 
x It could be concluded that the addition of admixtures at various percentages causes a considerable decrease of 
the air content, the reduction of W/C ratio which allows the concrete formulation with a good workability and 
later at the hard state a better strength. Thus, the water reducer influences positively the mechanical response ( 
Rc) of recycled concretes. 
x The decrease of the rate of absorption is aroud 22 % for the concrete with admixture at a higher dosage of 2 % 
compared to the recycled concrete without superplastizier;  this makes the RAC mixes with a good durability 
performances.   
In general, the majority of the correlations are with a low coefficient, mainly for the case of the compression 
resistance according to the rebound hammer number  and for the rate of absorption. So no feasible correlation form 
could be drawn in this recycled aggregate concrete specific case to predict the strength Rc. 
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